Introduction
============

MiRNAs are non-coding RNAs that are made up of 18--25 nucleotides and are able to modulate gene expression, primarily negativity by either inducing the degradation or repressing translation of the target mRNAs.[@R1] MiRNAs are highly conserved across different species, although they can be expressed in a tissue specific manner and perform essential functions in regulating diverse cellular processes, including cell proliferation,[@R2]^,^[@R3] cell differentiation,[@R4] senescence,[@R5] apoptosis,[@R6] cell division,[@R7] migration,[@R8] morphogenesis,[@R9] tissue development,[@R10] tumor growth,[@R11] angiogenesis[@R12]^,^[@R13] and metastasis.[@R14] There are over 1,000 miRNAs that have been sequenced and reported, and it is estimated that one third of genes are regulated by miRNAs, as one miRNA can regulate the expression of many genes.[@R15] miRNAs bind through imperfect base pairing to the 3\' untranslated region (3\'UTR) of target mRNAs. The binding specificity and efficiency is believed to be determined by a 6--7 nucleotide sequence near the 5′ region of miRNAs.[@R15] This sequence is called the "seed sequence"[@R16] and is the initial binding site of the miRNA to the 3\'UTR of the target mRNA.[@R17] The degree of complementation of the seed sequence of miRNAs to the target mRNA's 3\'UTR also determines whether the mRNA is degraded or translation of protein is repressed.[@R17]^,^[@R18]

The let-7 family members have been extensively studied and are classified as tumor suppressor miRNAs, because they have a lower expression in a variety of tumors compared with the normal tissues.[@R19]^-^[@R21] In lung cancer, let-7 greatly reduces growth in different lung cancer cell lines and in xenografts in lung cancer mouse models.[@R22] In breast cancer, let-7 was drastically reduced in tumor-initiating cells compared with non-tumor-initiating cells, and its expression level increased with differentiation.[@R20] Furthermore, when let-7 was overexpressed in breast tumor-initiating cells, there was a reduction in cell proliferation, mammosphere formation, tumor growth and metastasis.[@R20] Additionally, the inhibitory effect of let-7 was detected when the antisense of let-7 oligonucleotides increased the self renewal ability of non-tumor-initiating cells.[@R20] It's function as a tumor suppressor is further strengthened by the observations that it can downregulate several oncogenes.[@R23]^-^[@R25]

Different let-7 family members are involved in the suppression of cancer and are frequently lost in cancer tissues. Individually, let-7a represses gastric and colon cancer and suppresses breast cancer cell migration and invasion.[@R26]^,^[@R27] Let-7b suppresses metastasis in melanoma.[@R28] Let-7c can suppress metastasis in colorectal cancer, because it represses expression of PBX3,[@R29] which is also a target of Let-7d.[@R30] Let-7e targets cyclin D1 and plays a role in breast cancer cell cycle progression.[@R31] Let-7f can target MYH9 and inhibits invasion and metastasis of gastric cancer.[@R32] The levels of let-7g are much lower in metastatic breast and hepatocellular carcinomas compared with normal cells,[@R33]^,^[@R34] because it can target the 3\'UTRs of Bcl-xL, collagen type 1 α 2 and c-Myc, resulting in an increase in cell apoptosis and decrease in migration and proliferation.[@R34]^-^[@R36]

The fact that the seed regions of all let-7 members are identical suggests that all members of the family could target the same mRNAs and play similar functions. Thus, overexpression of one member or inhibition of the function of one member using an antisense approach may not produce a potent effect on phenotypic functions. It would be ideal to greatly increase the levels of all members to study their function, but this is impossible at present, because there is no such a system available. We developed an expression construct producing a transcript that can bind and inhibit the function of all members of the family. This approach may be used to study the functions of other miRNA families. It may also be a useful means in the development of reagents for intervention of miRNA functions.

Results and Discussion
======================

Generation of an antisense sponge construct that decreases endogenous let-7 expression
--------------------------------------------------------------------------------------

A miRNA sponge was initially developed by Ebert and colleagues to inhibit miRNA function.[@R37] To study the function of endogenous let-7 family members, we generated a construct anti-let-7 aiming to function as a sponge to decoy and decay all members of the let-7 family. The construct was generated by linking four fragments of PCR products ([Fig. 1A](#F1){ref-type="fig"}). Each PCR fragment contained four binding sites for let-7, resulting in 16 binding sites present in the insert. Due to the high degrees of conservation among the let-7 members, the construct can produce transcripts that are able to bind to the different let-7 family members ([Fig. 1B](#F1){ref-type="fig"}). After molecular cloning, the DNAs were sequenced to confirm their identity ([Fig. 1C](#F1){ref-type="fig"}). Since the transcript is highly complementary to all 12 members of the let-7 family, it is conceivable that the transcript can serve as a decoy for the mature miRNAs of the family. It is known that miRNAs with a central loop can bind better to the target.[@R38] Similarly, we expect that the transcript of the anti-let-7 sponge can bind to all members of the let-7 family with high affinity, serving as a decoy in arresting the functions of all members.

![**Figure 1.** Development of a sponge that can decay levels of let-7 family. (A) Strategy to generate the anti-let-7 construct is shown. It contains 16 motifs that can bind to the different members of the let-7 family. Each PCR product contains four different antisense sequences that can bind to the let-7 family members. It was generated by ligating together four different fragments to have multiple copies of the binding regions. (B) Alignment of one of the anti-let-7 sequences with the 12 members of the let-7 family members. Complete matching of the seed regions with the anti-let-7 sequence and high degrees of matching between the tail regions are shown. (C) Sequence of the anti-let-7 insert. The four different antisense constructs are underlined, which are capable of binding to the 12 members of let-7 family. (D) The efficiency of the anti-let-7 construct in HeLa cells was tested. The construct was able to decrease the levels of the mature miRNAs of the let-7 family members as seen through real-time PCR. Error bars, SD (n = 3). (E) The efficiency of the anti-let-7 construct was tested in MT-1 cells. The construct was able to downregulate mature miRNAs of the let-7 family member from basal levels that was found in the control cells as seen through real-time PCR.](cc-11-3097-g1){#F1}

To test the effects of the anti-let-7 construct, we stably expressed it in human breast cancer cell line MT-1 and cervical cancer cell line HeLa. The effect of the anti-let-7 plasmid on let-7 levels was analyzed using real-time PCR. We analyzed let-7a in HeLa cells and observed that transfection of the anti-let-7 construct decreased let-7a levels ([Fig. 1D](#F1){ref-type="fig"}). We then analyzed all members of the let-7 family in MT-1 cells, and found that ten of the 12 members could be detected. Transfection with the anti-let-7 construct resulted in decreased levels of the detectable members of let-7 as compared with the cells transfected with the control vector ([Fig. 1E](#F1){ref-type="fig"}). Let-7a appeared to be the predominant member. The decrease in levels of let-7 members in the cells transfected with the anti-let-7 construct indicated that the product of anti-let-7 could decay let-7 members. It has been extensively reported that miRNA can decay the levels of the targets.[@R39]^-^[@R41] The mechanism by which the binding transcripts decay miRNA is less clear. Nevertheless, we have found that expression of versican 3′UTR causes a decrease in miRNA levels.[@R42]

Expression of anti-let-7 enhances cell adhesion, cell invasion and survival
---------------------------------------------------------------------------

The effects of the anti-let-7 sponge on cell activities were examined in MT-1 cells and HeLa cells. MT-1 cells transfected with the anti-let-7 construct displayed greater adhesive capacity than cells transfected with the control vector ([Fig. 2A](#F2){ref-type="fig"}, left). The former was able to spread on the plates in serum-free medium, while the mock cells could only adhere to the plates ([Fig. 2A](#F2){ref-type="fig"}, right). This suggests that the anti-let-7-transfected cells might have expressed higher levels of adhesion molecules than the control cells. The anti-let-7 cells also showed greater activity of adhesion than the control cells ([Fig. 2B](#F2){ref-type="fig"}).

![**Figure 2.** Expression of anti-let-7 increased cell adhesion and invasion. (A) MT-1 cells transfected with the anti-let-7 construct were cultured in tissue culture plates for cell adhesion assay. The anti-let-7 cells had an increased amount of cells attach to the plate compared with the control cells. Attached cells were counted for statistical analysis. Typical photographs of the cells are shown. The MT-1 cells adhered well to the plates and with each other. Error bars, SD (n = 6). (B) The adhesion assay was also performed in HeLa cells stably transfected with the anti-let-7 construct. The anti-let-7 cells had an increased amount of cells attached to the plates compared with the control cells. Error bars, SD (n = 6). (C) Cell invasion assays were performed in the MT-1 cells transfected with the control vector or the anti-let-7 construct. The invaded cells were stained and counted for statistical analysis. The anti-let-7 cells displayed greater activity in invading through the Matrigel coated trans-well membranes compared with the control cells. Typical photographs of invasion are shown (right). Error bars, SD (n = 6). (D) Cell invasion assays were also performed in the HeLa cells transfected with the control vector or the anti-let-7 construct. Expression of the anti-let-7 promoted cell invasion. Error bars, SD (n = 6).](cc-11-3097-g2){#F2}

In cell invasion experiments, we observed that the anti-let-7-transfected MT-1 cells had a faster rate of invasion through Matrigel-coated transwell membranes compared with the control cells ([Fig. 2C](#F2){ref-type="fig"}). Similarly, the anti-let-7-transfected HeLa cells also showed greater activity of invasion than the control cells ([Fig. 2D](#F2){ref-type="fig"}). It has been reported that downregulation of let-7c and let-7g could result in increased metastasis and distorted ECM structures.[@R33]^,^[@R43] Since all members of the let-7 family share an identical seed region, they may target similar mRNAs and play similar roles in mediating cell activities. However, in different cell types and different environments, expression levels of the members may be different: some members may be dominant others in one cell types, but it could be vice versa in a different cell type.

We further examined whether or not expression of the anti-let-7 construct affected cell survival, and found that the anti-let-7 MT-1 cells survived significantly longer in nutrition depletion than the control cells ([Fig. 3A](#F3){ref-type="fig"}). The effect of anti-let-7 on cell survival was even stronger in HeLa cells ([Fig. 3B](#F3){ref-type="fig"}). Cancer cell survival is crucial to tumor development, invasion and metastasis. The cells that can survive in stress conditions are believed to be cancer stem-like cells. It is possible that these are the cells that survived in the serum-free medium.

![**Figure 3.** Expression of anti-let-7 enhanced cell survival. (A) Cell survival was tested in the anti-let-7 and control MT-1 cells. Cells were grown in serum-free conditions for 12 d. The anti-let-7 cells had an increased amount of surviving cells compared with the control cells. Error bars, SD (n = 3). (B) HeLa cells transfected with the anti-let-7 and control plasmids were cultured in serum-free medium for 14 d. The anti-let-7 cells displayed increased rated of survival compared with the control cells. Error bars, SD (n = 3). (C) HeLa cells transfected with the anti-let-7 and control plasmids were cultured in 5% serum-containing medium for proliferation assay. Transfection with anti-let-7 increased cell proliferation. Error bars, SD (n = 3). (D) The cells were also subjected to cell cycle analysis. Decreased number of the anti-let-7 cells were detected in the G~1~ phase as compared with the control cells. (E) The experiments were repeated three times, and the results were subjected to statistical analysis.](cc-11-3097-g3){#F3}

We then used HeLa cell to examine the effect of the anti-let-7 construct on cell proliferation, and found that the anti-let-7 cells grew significantly faster than the control cells ([Fig. 3C](#F3){ref-type="fig"}). Cell cycle analysis indicated that fewer anti-let-7 cells were detected in the G~1~ phase, while more cells were detected in the G~2~ and S phases than the control cells ([Fig. 3D](#F3){ref-type="fig"}). The experiments were repeated three times for statistical analysis. It showed that there was a significant difference in each phase of the cell cycle ([Fig. 3E](#F3){ref-type="fig"}). This correlates with the current understanding that let-7 is a tumor suppressor miRNA that induces apoptosis[@R44] and plays roles in drug resistance of cancer cells.[@R2]

Targeting of HAS2 by let-7 is disrupted by anti-let-7 molecule
--------------------------------------------------------------

The observed roles in cell survival, adhesion and invasion are due to anti-let-7 decreasing endogenous let-7 family members that are expressed in MT-1 and HeLa cells. There have been a number of targets of let-7 family identified. In our studies, we were interested in a target that may mediate the phenotypes described above. A well-known function of let-7 family is their inhibitory effects on tumor growth. Thus, the reported targets can be surveyed to explain the phenotypes in cell survival and invasion, since both phenotypes are tightly linked to tumor development. However, the effect of cell adhesion on tumor growth is more complicated; it can enhance or inhibit tumor development. The target in the cell lines involved in our studies may be associated with adhesion molecules.

Using different software available, we analyzed potential targets of let-7. We were interested in targets that not only play a role in tumor cell survival and invasion, but are also involved in cell adhesion. This is because our results showed that expression of the anti-let-7 construct promoted cell survival, invasion and adhesion. One software (<http://pictar.mdc-berlin.de/cgi-bin/PicTar_vertebrate.cgi?action=Search%20for%20targets%20of%20a%20miRNA&amp;name2=hsa-let-7a>) predicts that hyaluronan synthase 2 (HAS2) is a potential target of let-7. HAS2 is an inner plasma membrane-bound molecule that is responsible for producing hyaluronic acid, a well-studied cell adhesion molecule that is involved in the formation of the ECM and functions in wound healing and tumor growth and metastasis. It has been known that hyaluronan synthase 2 plays important roles in tumor growth and progression.[@R45]^,^[@R46] The HAS2 3\'UTR contains a binding site for let-7 ([Fig. 4A](#F4){ref-type="fig"}).

![**Figure 4.** Targeting analysis of anti-let-7 on HAS2. (A) HAS2 3\'UTR (nucleotides 2467--2488) was found to be a potential target of let-7. The binding interaction between let-7a and HAS is shown in the diagram. (B) Upper: cell lysate was prepared from the MT-1 cells transfected with anti-let-7 or the control vector. Upregulation of HAS2 was seen in the anti-let-7 transfected cells compared with the control. β-actin levels served as a loading control. The intensities of each protein band were scanned with a densitometer and the relative intensities are shown below each band normalized with the β-actin bands. Lower: cell lysate from HeLa cells transfected with the construct was also analyzed on western blot probed with anti-c-Myc and anti-cyclin D1 antibodies. Expression of both c-Myc and cyclin D1 was upregulated in the anti-let-7-transfected cells. (C) Upper: alignment of the let-7 targeting HAS2 3\'UTR located at nucleotides 2467--2488 across *Bos tauru* (NM_174079.2), *Callithrix jacchus* (XM_002759268.1), *Equus caballus* (NM_001081801.1), *Gallus gallus* (NM_204806.1), *Homo sapiens* (NM_005328), *Macaca mulatta* (XM_001098841.2), *Mus musculus* (NM_008216.3), *Nomascus leucogenys* (XM_003256164.1), *Pan troglodytes* (XM_528222.3), *Rattus norvegicus* (NM_013153.1), *Silurana tropicalis* (NM_001127085.1) and *Xenopus laevis* (NM_001090368.1). The seed regions for let-7-HAS2 interactions are in the box. Lower: conservation of the sequences is shown across all species. (D) Left: a luciferase construct was generated with the 3′ UTR sequence of HAS2, harboring the target site of let-7, producing Luc-HAS2. Mutations were also generated on the potential target sequence (underlined), resulting in a mutant construct Luc-HAS2-mut. Middle: MT-1 cells were co-transfected with let-7a and a luciferase reporter construct. The luciferase reporter vector was used as a control. Luciferase activity assays indicted that the let-7a repressed the luciferase activities of Luc-HAS2, which were abolished with the mutant construct, when the potential let-7 binding site was mutated. Asterisks indicate significant differences. \*\* p \< 0.01. Error bars, SD (n = 3). Right: the luciferase assays were also performed with HeLa cells and similar results were obtained.](cc-11-3097-g4){#F4}

Western blot analysis showed that the levels of HAS2 were higher in the anti-let-7 MT-1 and HeLa cells than in the control cells ([Fig. 4B](#F4){ref-type="fig"}, upper). This is because the anti-let-7 transcript could bind and inhibit the functions of endogenous let-7 miRNAs. As a consequence, HAS2, which is usually involved in binding to let-7 and repressed by the miRNAs, is free for translation reaching higher levels in the transfected cells. It has been reported that let-7 can target cyclin D1 and c-Myc.[@R47]^,^[@R48] To confirm that the sponge construct functioned properly, we analyzed the levels of these proteins and detected upregulation of c-Myc and cyclin D1 ([Fig. 4B](#F4){ref-type="fig"}, lower). These results showed that the sponge construct could suppress the function of let-7 members.

Sequence analysis of the reported HAS2 nucleotide sequences in different organisms indicated that the target sites are highly conserved across different species ([Fig. 4C](#F4){ref-type="fig"}). This result also suggests that the target site is of evolutional importance in the regulation of protein expression. In order to further confirm the targeting of HAS2 by let-7, luciferase assays were performed. In the pMir-luciferase construct, the 3′UTR of HAS2 was inserted into the luciferase reporter vector, producing a luciferase construct Luc-HAS2 ([Fig. 4D](#F4){ref-type="fig"}, left). The detail sequences of the luciferase constructs are provided ([**Fig. S1**](#SUP1){ref-type="supplementary-material"}). In addition, a mutant construct was generated, in which the let-7 target sites were mutated producing the mutant construct Luc-HAS2-mut. When these plasmids were transfected along with the let-7 oligonucleotide into MT-1 cells, there was significant downregulation of luciferase activities seen in the cells transfected with let-7 oligonucleotide as compared with the cells transfected with the control oligo ([Fig. 4D](#F4){ref-type="fig"}, middle). However, when the mutant Luc-HAS2-mut and Let-7 were transfected together, there was a reverse effect in luciferase activity. Similar results were obtained when HeLa cells were transfected with these construct ([Fig. 4D](#F4){ref-type="fig"}, right). This result confirmed the direct targeting of HAS2 by let-7. A diagram summarized the targeting of HAS2 by let-7, which is modulated by the anti-let-7 transcript is provide ([Fig. 5](#F5){ref-type="fig"}).

![**Figure 5.** A diagram showing how the anti-let-7 sponge works. Overexpression of the sponge construct would bind extensively the endogenous let-7 family members. As a consequence, the potential target (e.g., hyaluronan synthase 2 or HAS2) is free for translation.](cc-11-3097-g5){#F5}

siRNAs against HAS2 affect cell survival and invasion
-----------------------------------------------------

Four different siRNA sequences were designed to target HAS2 ([Fig. 6A](#F5){ref-type="fig"}). Cells transfected with all four siRNAs were found to produce lower levels of HAS2 protein than cells transfected with the control oligo ([Fig. 6B](#F5){ref-type="fig"}). The functional changes previously observed in MT-1 and HeLa cells, when the cells were transfected with the anti-let-7 construct, were reversed with the transfection of these siRNAs ([Fig. 6C](#F5){ref-type="fig"}). There was a significant reduction in cell survival in the siRNA-transfected cells compared with the control oligonucleotide-transfected cells. Similarly, in cell invasion assays, there was a significant reduction in cell invasion in the siRNA-transfected cells compared with the control ([Fig. 6D](#F5){ref-type="fig"}; [**Fig S2**](#SUP1){ref-type="supplementary-material"}).

HAS2 overexpression mimics the function of anti-let-7
-----------------------------------------------------

To corroborate the effects of the anti-let-7, the construct of the HAS2 coding region was overexpressed for functional tests. We confirmed the increased expression of HAS2 in MT-1 and HeLa cells compared with the cells transfected with a control vector by western blot analysis ([Fig. 7A](#F6){ref-type="fig"}). The cells were subjected to survival assays. We found that expression of HAS2 increased survival of both MT-1 and HeLa cells ([Fig. 7B](#F6){ref-type="fig"}). In cell invasion assay, we found that expression of HAS2 promoted invasion as compared with the control ([Fig. 7C](#F6){ref-type="fig"}). These results indicated that HAS2, along with the molecules previously identified as being targeted by let-7 family members, is an important molecule in mediating cell survival, cell migration and adhesion of both MT-1 and HeLa cells.

![**Figure 6.** Silencing of HAS2 expression. (A) Four siRNA sequences were generated to downregulate HAS2 expression. (B) MT-1 cells were transiently transfected with HAS2 siRNA constructs and a control vector. Expression of endogenous HAS2 was silenced by siRNAs when compared with the control which was confirmed by western blot analysis. β-actin was detected on the same blot as a loading control. The intensities of each protein band was scanned with a densitometer and the relative intensities are shown below each band normalized with the β-actin bands. (C) MT-1 cells and HeLa cells were transfected with the siRNA constructs followed by cell survival assays. Silencing of HAS2 decreased cell survival. Error bars, SD (n = 3). (D) MT-1 cells and HeLa cells were transfected with the siRNA constructs followed by cell invasion assays. Silencing of HAS2 decreased activities of invasion. Error bars, SD (n = 6).](cc-11-3097-g6){#F6}

In summary, we have developed an approach to inhibit the functions of all members of let-7 family, one of the most extensively studied miRNA families. Although this family has been significantly studied, there has been no molecule that has been reported to possess the ability to regulate the functions of all members in the family. Our experiments demonstrated that ectopic expression of the anti-let-7 construct increases cell survival, invasion and adhesion. This is a novel approach to investigate the role of the entire let-7 family. Additionally, we have identified a novel target for let-7. Molecular analysis indicated that expression of HAS2 was repressed by let-7. The targeting of HAS2 by let-7 was confirmed by western blot, luciferase and siRNA assays. Since each family member of let-7 can potentially target many mRNAs, it is possible that other mRNAs are involved and can contribute to the observed phenotypes. Our assay of expressing a single antisense molecule to study multiple members of the let-7 miRNA family is useful in studying the functions of an entire miRNA family. Using this approach, it is possible to uncover the combinatorial roles of different miRNAs in the let-7 family, which can be extended to study other miRNA families. Our assay system can also function as a model approach to miRNA families and their gene regulation for the development of gene therapy targeting many family members.

Methods
=======

Construct generation
--------------------

To generate a fragment of cDNA containing four binding sites for members of the let-7 family, we designed and synthesized two large oligos to serve as primers. They were Let7-temp-1 (5 cgcgtgccgg gctagc ccatcgcg aactatacaacatacctacctca atcgatcg aactatacaacatacctacctca gcgaaaggtctcgat aac) and Let7-temp-2 (5\' accgcggtac ggatcc gtagctgg tgaggtag gtatg ttgtatagtt cgatagtcgtc tgaggtag gtatg ttgtatagtt atcgagacctttcgc). Both primers were mixed in a PCR. They annealed with each other and extended to produce a small fragment of cDNA. This cDNA was used as a template in four PCRs: PCR-1 using primers Let7-F-NheI (5\' cgcgtgccgg gctagc ccatcgcg) and Let7-R-BamHI (5\' accgcggtac ggatcc gtagctgg); PCR-2 using primers Let7-F-BamHI (5\' cgcgtgccgg ggatcc ccatcgcg) and Let7-R-EcoRI (5\' accgcggtac gaattc gtagctgg); PCR-3 using primers Let7-F-EcoRI (5\' cgcgtgccgg gaattc ccatcgcg) and Let7-R-KpnI (5\' accgcggtac ggtacc gtagctgg); PCR-4 using primers Let7-F-KpnI (5\' cgcgtgccgg ggtacc ccatcgcg) and Let7-R-HindIII (5\' accgcggtac aagctt gtagctgg). All PCR products were cloned, and the inserts were recovered with the restriction enzymes indicated in the primers. All fragments were finally ligated into the NheI- and HindIII-opened pEGFP-N1 plasmid producing an anti-let-7 expression construct.

A luciferase reporter vector (pMir-Report; Ambion) was used to generate the luciferase constructs. A fragment of the 3\'UTR of HAS2 was cloned using two primers, HAS2-N3\'SacI (5\' ccc ggg gag ctc tgatct tccatgtttt gacgtttg) and HAS2-C3\'MluI (5\' ggg ccc acg cgt ggc tag tgaggta tata gggc), by PCR. The PCR products were then digested with SacI and MluI, and the fragment was inserted into a SacI- and MluI-digested pMir-Report Luciferase plasmid to obtain a luciferase construct Luc-HAS2. A mutant construct was generated with two primers HAS2-N3\'SacI and HAS2-C3\'MluI-Mut (5\' ggg ccc acg cgt ggc tag actccat tata gggc aaaa cac ttt c) using similar approach.

To serve as a negative control, a non-related sequence was amplified from the coding sequence of the chicken versican G3 domain using two primers, chver10051SpeI and chver10350SacI, as described previously.[@R49] It is expected that there is no endogenous miRNA bind to this fragment as it is in the coding region. The PCR product was then inserted into a SpeI- and SacI-digested pMir-Report Luciferase plasmid.

RT-PCR
------

Total RNAs were extracted from cell cultures with mirVana miRNA Isolation Kit following the instructions of the manufacturer (Ambion). The RNAs were subjected to reverse transcription. Real-time PCR was performed as previously described.[@R50] For mature microRNA analysis, total RNA was extracted from \~1 × 10^6^ cells using mirVana™ miRNA Isolation Kit (Applied Biosystems), followed by cDNA synthesis using 2 µg RNA. Successive PCR was performed by QuantiMir RT Kit (System bioscience) using 1 µl cDNA as template. Two primers let-7PCRN (5\'ccgtcagatccgctagcccatcgc) and let-7PCRC (5\' ctg cag aat tcg aag ctt gta gct) were used for the detection of the Let-7 family members. The primers used for the detection of HAS2 mRNA were HAS2-N3\'SacI and HAS2-C3\'MluI. The primers used as real-time PCR controls were human-U6RNAf (5\' gtgct cgcttcggca gcacatatac) and human-U6RNAr (5\' aa aaa tat gg aa cgc ttc acga atttg).

Cell survival assay
-------------------

Cells were seeded at the density of 1 × 10^5^ cells/well in 6-well plates with 2 ml culture medium containing 10% FBS. After 24 h, cells were washed twice with PBS and then incubated in serum-free medium. After 10 and 18 d, cells were harvested and the viable cells were counted after Trypan Blue staining.

Invasion assay
--------------

Cell transwell membrane inserts were placed in 24-well plate and coated with 100 µl of Matrigel that had been diluted (1:10 fold dilution). 5 × 10^4^ cells were placed in serum-free media inside the inserts, while media supplemented with 10% FBS was placed at the bottom of the inserts and in the wells of the plates. Cells were incubated at 37°C and were allowed to invade and migrate through the Matrigel and the membrane pores in the inserts. After 48 h (and 72 h for siRNA experiments), the upper Matrigel layer and cells were removed, while the cells on the surface of the lower side of the membrane were fixed and stained. Cells that migrated onto the lower surface were counted from representative areas for quantification.

Cell adhesion
-------------

HeLa cells were plated at a density of 1 × 10^5^ cells per well in a 6-well plate in serum-free DMEM and assayed after 4 h. MT-1 cells were plated at a density of 1 × 10^5^ cells per well in a 6-well plate in serum-free RPMI and assayed after overnight incubation. The unattached cells were removed. The cells that adhered to the plates were counted for quantification.

Luciferase assay
----------------

U343 cells were cultured on 24-well tissue culture plates at a density of 3 × 10^4^ cells per well in DMEM containing 10% FBS. The cultures were maintained at 37°C for 24 h, followed by co-transfection with the luciferase reporter constructs, corresponding miRNA mimics and Renilla luciferase construct using Lipofectamine 2000. A dual-luciferase reporter system developed by Promega (E1960) was used to analyze luciferase activities. After gene transfection and expression, the cells were lysed using 100 μl of passive lysis buffer per well on a shaker for 30 min, and the lysates were centrifuged for supernatant collection. Twenty μl of the supernatants was then mixed with 100 μl of LAR II, and then firefly luciferase activities were measured using a luminometer. For the internal control, 100 μl of Stop-and-Go reagent was added to the samples. Renilla luciferase activities were then measured in the same tube. Luciferase activities between different treatments were compared after normalization with Renilla luciferase activities. The let-7a oligonucleotides were used at a concentration of 100 nM.

Western blot
------------

Protein expression was analyzed by western blot. Briefly, cells were seeded onto a 6-well plate at 2 × 10^5^ cells per well overnight. They were then transfected with 1 μg of anti-let-7 or the control vector to create stable cell lines. In addition, the anti-let-7 cells were transfected with siRNA against HAS2 or control oligonucleotide. The control was a scrambled RNA sequence provided in the kit. Proteins were extracted 48 h after transfection by lysing in 60 μl lysis buffer containing protease inhibitors (150 mM NaCl, 25 mM TRIS-HCl, pH 8.0, 0.5 M EDTA, 20% Triton X-100, 8 M Urea and 1× protease inhibitor cocktail). Proteins separated on SDS-PAGE were transferred to nitrocellulose membranes followed by incubating with antibodies against HAS2 (Santa Cruz, SC34067) at a dilution of 1:1000 at 4°C overnight. Secondary goat antibody was used at 1:5000 dilution to incubate with the membranes at room temperature for 2 h. After detection of the protein bands, the blots were stripped and re-probed with mouse monoclonal antibody against β-actin (Sigma, A5316) to confirm equal sample loading. After secondary antibody incubation, the blot was washed and detected using ECL kit (Millipore).

Statistical analysis
--------------------

The results (mean values ± SD) of all the experiments were subjected to statistical analysis by t-test. The level of significance was set at p \< 0.05 and p \< 0.01.([Fig. 7](#F7){ref-type="fig"})

![**Figure 7.** Ectopic expression of HAS2 increased cell survival and invasion. (A) MT-1 cells were transfected with the HAS2 expression construct. Cell lysate prepared from the HAS2- and vector-transfected cells were subjected to western blot analysis probed with anti-HAS2 antibody confirming increased expression of HAS2. (B) The anti-let-7 MT-1 cells were transfected with the HAS2 expression construct followed by cell survival assay. Introduction of HAS2 into the anti-let-7 cells enhanced cell survival. Error bars, SD (n = 3). (C) The anti-let-7 MT-1 cells were transfected with the HAS2 construct followed by cell invasion assay. Introduction of HAS2 into the anti-let-7 cells enhanced cell invasion. Error bars, SD (n = 6).](cc-11-3097-g7){#F7}
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